Reports on sex-related outcomes in left ventricular assist device (LVAD) patients are conflicting. In addition, females have been underrepresented in most multicenter randomized controlled trials for mechanical circulatory support (MCS). The objective of our study was to analyze our experience implanting 130 continuous-flow LVADs and to determine the impact of sex on survival. We identified 130 patients who underwent implantation of a continuous-flow LVAD at our institution. Patients were stratified into two groups based on sex. Variables were compared using two-sided t-tests, χ 2 tests, Cox proportional hazards models, and log-rank tests to determine whether there was a difference between the two groups and if sex was a significant independent predictor of outcome. Of the 130 patients, 35 were females and 95 were males. Female patients had worse pre-LVAD cardiac output and cardiac index and were more likely to be on MCS at the time of implantation. Male patients had worse renal function. Survival was analogous for both cohorts with 30 day, 6 month, 1 year, and 2 year survivals of 97%, 90.8%, 90.8%, and 84.3%, respectively, for female patients versus 94.7%, 87.9%, 78.4%, and 72.8%, respectively, for male patients. The incidence of other LVADrelated complications was also similar in both groups. Gender did not predict postoperative mortality on univariate analysis. Contrary to most published reports, female and male LVAD patients have similar postoperative and midterm survival, length of hospital stay, readmission rates, and postoperative complications. It appears that females have gained more benefit from newer generation devices compared to males. ASAIO Journal 2014; 60:199-206.
Sex-related differences in heart failure have received very little attention. Currently, the published literature on genderrelated outcome disparities in heart failure patients is conflicting. Some reports have demonstrated that females have longer hospital stay, more frequent hospitalizations, and higher mortality, as females with congestive heart failure are older, and are referred to a heart failure specialist at a later stage of their disease. [1] [2] [3] [4] [5] Other studies have shown that females are more likely to have heart failure with preserved ejection fraction, are less likely to have ischemic cardiomyopathy, history of smoking, chronic obstructive pulmonary disease (COPD), peripheral vascular disease (PVD), renal insufficiency, and overall exhibit improved outcomes compared to males. [6] [7] [8] [9] [10] In terms of sex-related left ventricular assist device (LVAD) outcomes, published data are scant. In addition, females have been underrepresented in most multicenter randomized controlled trials for mechanical circulatory support (MCS). The limited enrollment of women in LVAD studies was especially dominant in the pulsatile device era, as female patients were unable to accommodate the large-sized displacement pumps. [11] [12] [13] Sex disparities have also been reported in heart transplantation. Although the underlying etiology remains unclear, women are less likely to receive a heart transplant (26% of transplanted hearts in the United States) and overall have worse 5 year posttransplant survival.
14 Similarly, higher postoperative morbidity and inferior short-and long-term survival have been demonstrated for women undergoing non-LVAD cardiac surgery. [15] [16] [17] [18] [19] Therefore, we hypothesized that an analysis of sex-related outcomes in patients receiving continuous-flow LVADs as a bridge to transplantation (BTT) or destination therapy (DT) would show inferior results for females. The objective of our study was to analyze our 6 year experience implanting 130 continuous-flow LVADs and to determine the impact of gender on survival.
Methods
This retrospective study was approved by our health system's Institutional Review Board. We reviewed our institution's LVAD dataset and analyzed patients who underwent continuous-flow LVAD implantation as a BTT or DT from March 2006 until June 2012. One hundred thirty patients were identified and stratified into subgroups based on sex. Once transplanted, patients were censored from the survival analysis.
Patient Data
Patient demographics and preoperative characteristics included age, race, body surface area (BSA), body mass index (BMI), previous sternotomy, preoperative liver function tests (LFTs), and associated comorbidities-hypertension (HTN), diabetes mellitus (DM), chronic renal insufficiency (CRI), dialysis, COPD, and PVD. Hemodynamic and echocardiographic data included pre-and post-LVAD (at 1 and 6 months) central venous pressure (CVP) , pulmonary artery (PA) pressure, pulmonary capillary wedge pressure (PCWP), LV ejection fraction (LVEF), cardiac output (CO), cardiac index (CI), left ventricular enddiastolic diameter and right ventricular end-diastolic diameter, and mitral regurgitation and tricuspid regurgitation. Operative characteristics included type of device (HeartMate II or HeartWare), implantation for BTT or DT, cardiopulmonary bypass (CPB), and cross-clamp times. Primary outcome variables were survival at 30 days, 180 days, 1 year, and 2 years. Secondary outcome variables were complications, hemodynamic data, and causes of death. Survival, free of death with censoring for transplant and explantation for recovery, was reported. Complications included reoperation for bleeding, driveline infections, pneumonia, right ventricular failure, respiratory failure, tracheostomy, acute renal failure, ischemic stroke, hemorrhagic stroke, gastrointestinal bleeding, severe aortic insufficiency, and pump thrombosis. Chronic renal insufficiency was defined as glomerular filtration rate < 60 ml/min/m 2 . Right ventricular failure was defined as 1) need for inotropic support for more than 2 weeks or 2) need for right ventricular assist device support. Ventilator-dependant respiratory failure was defined as inability to wean from the ventilator for at least 1 week.
Statistical Analysis
Patients were stratified into gender groups. Continuous variables were assessed for normality and reported as mean, standard deviation, minimum, median, and maximum and were compared between groups using two-sided two-sample t-tests. Alternatively, a two-sided Wilcoxon rank-sum test was used if severe departures from normality were observed in the distributions. Categorical variables were reported as count and percent and were compared between the groups using χ 2 tests. Alternatively, Fisher's exact test was used if expected counts were not sufficiently large. Similar tests were used to compare postoperative complications. Preoperative and operative characteristics were evaluated using Cox proportional hazards models to test whether or not each individual characteristic was a significant predictor of postoperative survival. Hazard ratios (HRs) and 95% confidence intervals (CIs) for HRs were reported. Owing to our small sample size, we did not perform a multivariate analysis. Tests were performed using SAS 9.2. Tests were considered significant at p < 0.05.
Results

Demographic Characteristics of Female and Male Patients Who Underwent LVAD Implantation
A total of 130 patients who underwent LVAD implantation as a BTT or DT were enrolled in this study. Of these 130 patients, 35 (29.7%) were female, while 95 (70.3%) were ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; BSA, body surface area; BTT, bridge to transplantation; CI, cardiac index; CO, cardiac output; COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary bypass; CRI, chronic renal insufficiency; CVP, central venous pressure; DT, destination therapy; ICM, ischemic cardiomyopathy; LVAD, left ventricular assist device; LVEF, left ventricular ejection fraction; MCS, mechanical circulatory support; NIDCM, no ischemic cardiomyopathy; PAPd, pulmonary artery diastolic pressure; PAPs, pulmonary artery systolic pressure; PCWP, pulmonary capillary wedge pressure; PVD, peripheral vascular disease.
male. Demographic and preoperative characteristics for each subgroup are summarized in Table 1 . There were no significant differences between females and males for age, race, LVEF, etiology of heart failure, the incidence of HTN, DM, CRI, COPD, PVD, history of stroke, previous sternotomy, preoperative ventilator support, LFTs, albumin, PA pressures, CVP, PCWP, preoperative inotropic support, and days of hospitalization preimplantation (p = not significant). Females had a lower preoperative CO (p < 0.001) and CI (p = 0.02) and were more likely to be on MCS at the time of LVAD implantation. Types of MCS included intra-arterial balloon pump (17/20, 85%) , CentriMag (2/20, 10%), and Abiomed (1/20, 5%). Male patients had a significantly higher BSA (p = 0.0011) and BMI (p = 0.04) and worse renal function (p < 0.001).
Cardiopulmonary Bypass Time and Cross-Clamp Time
Both CPB times (108.9 min for females vs. 108.1 min for males, p = 0.882) and cross-clamp times (7.2 min for females vs. 6.3 min for males, p = 0.751) were equivalent for both subgroups.
Postimplant Survival for Females and Males
Survival was analogous for both genders, with 30 day, 6 month, 1 year, and 2 year survival of 97% (n = 1 death), 90.8% (n = 2 deaths), 90.8%, and 84.3% (n = 4 deaths), respectively, for female patients versus 94.7% (n = 5 deaths), 87.9% (n = 10 deaths), 78.4% (n = 16 deaths), and 72.8% (n = 20 deaths), respectively, for male patients (Figures 1-3) .
Transplantation Rates for Elective LVAD BTT Patients and Emergent LVAD BTT Patients
The indication for LVAD implantation was BTT in 54.2% (19/35) of females and 60% (57/95) of males (p = 0.558). Among patients implanted for the indication of BTT, 42.1% (8/19) female patients were transplanted versus 38.6% (22/57) male patients (p = 0.386).
Competing Outcomes Analysis at 18 Months
Figures 2 and 3 demonstrate the competing outcomes (ongoing LVAD therapy, transplantation, and death) for female and male patients up to 18 months.
Postoperative Complications, Hospital Length of Stay, and Readmission Rates
Postoperative complication rates were similar for female and male LVAD patients as shown in Table 2 . There was no significant differences in length of hospital stay (23 days for females vs. 21.3 days for males, p = 0.55). Readmission rates within 30 days of discharge were also comparable for the two groups (31.4% for females vs. 23.2% for males, p = 0.337). Pre-and postoperative (at 1 and 6 months) hemodynamic data are demonstrated in Table 3 .
Causes of Death
Causes of death for female patients included septic shock (50%, 2/4) and stroke (50%, 2/4). Causes of death in males 
Univariate Analysis
When unadjusted, preoperative aspartate aminotransferase (HR, 1.3; 95% CI, 1-1.01; p < 0.001) was only a significant predictor of survival. Sex did not predict postoperative mortality (HR, 0.68; 95% CI, 0.29-1.59; p = 0.370) ( Table 4) .
Discussion
This study was undertaken to ascertain the effect of sex on LVAD outcomes. Several reports have suggested that females exhibit higher mortality rates and increased incidence of postoperative hemorrhage and neurologic events after LVAD implantation. [20] [21] [22] [23] [24] [25] The main explanation for this is that when females are referred for MCS, they are usually sicker and have worse clinical features. 26 Several underlying reasons have been identified for women presenting for LVAD or heart transplant evaluation at a later stage of their disease and include less social support, poor economic status, higher self-refusal rates, and more religious and pessimistic attitudes. The anticipated finding of our study was that both genders demonstrated similar postoperative complications and survival, with females actually exhibiting higher survival rates compared to men. This occurred despite the fact that more females were on MCS at LVAD implantation and had worse preoperative CO and CI. Our male population on the other hand were more likely to have CRI. This potentially could explain the improved survival in our female cohort. Otherwise patient comorbidities, preoperative hemodynamic measurements, and the etiology of heart failure were similar for both groups. Equivalent outcomes in our analysis can also be explained by our rigorous preoperative selection process, which confirms patient compliance and solidifies their access to postoperative care. Our multidisciplinary approach also contributes to improved outcomes. These findings are certainly encouraging and suggest that medical and social awareness needs to be increased in order to get female patients referred earlier for surgical treatment of advanced heart failure. Although males are the majority of our patient population (95 vs. 35), we have seen in recent years an increase in the number of females receiving LVAD. The smaller continuous-flow devices are now a viable option for females with lower BSA, who previously would not have been candidates, owing to anatomic body constraints.
The occurrence of post-LVAD complications, including stroke, was also comparable for females and males. This finding is contrary to published literature, which has demonstrated that females are at higher risk of neurologic events after LVAD implantation. 27, 28 However, none of these studies were able to identify sex-related differences in coagulability (international normalized ratio, partial thromboplastin time, platelet count, and von Willebrand factor). It is hypothesized that the higher risk of thromboembolism in females is from differences in pharmacokinetics of anticoagulation and antiplatelet drugs, which may also explain the higher risk of thromboembolism in female patients with atrial fibrillation. 29 In addition, postoperative bleeding complications were similar for females and males despite consistent reports of increased rates of post-LVAD hemorrhage requiring re-exploration. [20] [21] [22] [23] [24] [25] It appears that the newer generation devices have equally neutralized the risk of bleeding in both genders.
After 18 months of LVAD therapy, more males were transplanted (40% vs. 29%, image 2 and 3), although transplantation rates appear to equilibrate at 2 years (42.1% of females vs. 38.6% of males). This possibly underlines the challenge of identifying suitable donors for females, owing to higher levels of panel-reactive antibodies.
14 Few studies have analyzed the impact of sex on LVAD outcomes. Hsich et al. 27 analyzed the INTERMACS database from 2006 to 2010 for 1,963 LVAD patients (401 women vs. 1,535 men) and reported no statistically significant sex differences in mortality and postoperative complications, except for the occurrence of stroke which was more frequent in females (HR, 1.44; 95% CI, 1.05-1.96; p = 0.02). This study included both pulsatile and continuous-flow devices. Bogaev et al. 28 published a multi-institutional analysis of 465 patients (104 women and 361 men) who received an LVAD as BTT. In their study, there was no difference between females and males in survival or adverse events after 18 months of follow-up. However, women were more likely to develop stroke (0.1 vs. 0.04 events/year, p = 0.02) and less likely to develop infection-related complications (p = 0.006). Potapov et al. 26 analyzed 1,667 VAD implantations from 1988 to 2010 at a single institution and reported a better 5 year survival in men aged 13-50 (53% vs. 42%, p = 0.02) and men aged >50 (49% vs. 25%, p = 0.026). Although this analysis was performed on a large number of patients with long-term follow-up, the cohort was heterogenous as patients received more than 15 types of devices. Morgan et al. 25 also reported significantly higher 5 year survival in males compared to females (85.2% vs. 50.9%, p = 0.01) in a study of 191 males and 45 females who received LVAD between 1990 and 2002 at Columbia.
Worse outcomes in females have consistently been reported for non-LVAD cardiac surgery. Schwann et al. 15 demonstrated an improved 12 year survival in males after coronary artery bypass grafting (CABg) from a cohort of 6,384 patients. Blankstein et al. 16 showed that female gender was an independent predictor of operative mortality (4.24% vs. 2.23%, p = 0.001) in 15,440 patients who underwent CABg. Culler et al. 18 demonstrated a higher risk-adjusted mortality rate over 2 years in patients undergoing CABg, especially in low-volume centers. Roedler et al. 17 showed that females were an independent predictor (HR, 2.07; 95% CI, ; p = 0.005) of in-hospital mortality after mechanical aortic valve replacement in an analysis of 629 patients. Finally, Doenst et al. 19 showed that female gender was an independent predictor of stroke (relative risk, 1.52; 95% CI, 1.1-2.1) in 1,567 patients who had a combined CABg with aortic or mitral valve surgery.
Our study has several limitations. First, our sample size was small and it is possible that the statistical tests were insufficiently powered. Second, our study was not a prospective, randomized trial and is subject to limitations inherent to any retrospective study. Third, our study was a single-institution study and selection bias may have been present. Finally, our results were produced from short-and midterm follow-up.
In summary, our experience indicates that although females have worse preoperative CO/CI and are more likely to be on MCS at the time of LVAD implantation, they exhibit similar postoperative and midterm survival with males. Length of hospital stay, readmission rates, and postoperative complications are also analogous between the two groups. It appears that females have benefited more from newer generation devices, as recent literature demonstrates equivocal survival between genders, whereas older reports that studied pulsatile devices consistently showed worse short-and long-term outcomes in ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; BSA, body surface area; BTT, bridge to transplantation; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary bypass; CRI, chronic renal insufficiency; CVP, central venous pressure; DM, diabetes mellitus; DT, destination therapy; EF, ejection fraction; HF, heart failure; HR, hazard ratio; HTN, hypertension; ICM, ischemic cardiomyopathy; LVAD, left ventricular assist device; NIDCM, nonischemic dilated cardiomyopathy; PAPd, pulmonary artery diastolic pressure; PAPs, pulmonary artery systolic pressure; PCWP, pulmonary capillary wedge pressure; PVD, peripheral vascular disease; RV, right ventricular; VAD, ventricular assist device.
